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1 INTRODUCTION 
Microcantilevers show great potential for use as chemical sensors. Specifically, combining 
electrochemical techniques together with cantilever devices is a highly efficient way to improve the 
performance of cantilever sensing. Several groups have made efforts towards the development of 
electrochemical-cantilever (ECC) based sensors (Chapman et. al., 2007; Lavrik et. al., 2004). However, 
one main limitation of cantilever based sensing is the unclear origins of surface stress (Godin et. al., 
2010), which lead to poor reproducibility and unreliable results.  
In order to further the understanding of surface stress and behaviour of the electrochemical 
cantilever system, we investigate the surface stress response induced by electrochemical processes 
happening on the cantilever surface. In this work we fabricated the silicon nitride cantilever chips with 
integrated nanoporous gold working, reference and counter electrodes, as shown in figure 1 and created 
an electrochemical-cantilever platform combined with microfluidic cell (Fischer et. al. 2011). Solutions 
containing 5 mM, 1mM, 500μM of [Fe (CN)6]
3-/4- couple (with 200 mM, 40 mM, 20 mM KNO3 
supporting electrolyte, respectively)  were measured on this platform by amperometry at a potential of + 
0.45 V vs nanoporous gold applied. Direct and complementary information related to nanomechanical 
changes on the surface were obtained by optically measuring cantilever deflection. 
2 RESULTS AND DISCUSSION 
As shown in figure 2, the results reveal that the concentration of [Fe(CN)6]
3-/4- couple had an effect 
on the surface stress generated on the cantilever, i.e. a higher concentration resulted in a larger change in 
surface stress, in accordance with amperometric results that the larger limiting current. The main 
contribution to this change in surface stress is the charge accumulated on the surface of the cantilever 
after the current reaches a limiting value during the period of the applied potential. The complex 
physical/chemical event occurs on the cantilever in very short period (less than 2 secs) from applying a 
certain potential to reaching the limiting current, but the mechanical signal data collection is relatively 
slow (e.g. one data point per second). Therefore, the electrochemical and mechanical behaviour of 
cantilever during this period is difficult to interpret. The change of surface stress in a solution of 500 μM 
[Fe(CN)6]
3-/4- with 20 mM KNO3 does not follow the trend of the 5 mM and 1 mM [Fe(CN)6]
3-/4- 
solutions, , indicating the concentration of electrolytes also might strongly impact the electromechanical 
behaviour, in particular, when it is below a critical value. Hence, dependency of electrolyte concentration 
on the surface stress was studied by the amperometric method (data are not shown here). We observe that 
the lowest concentration electrolyte has the strongest influence on the surface stress change of cantilever, 
in which case influence of uncompensated resistance, as well as migration effect should be taken into 
consideration. These results suggest that an optimal combination of mechanical and amperometric 
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methods is a powerful strategy to acquire more details during electrochemical processes, demonstrating 
the electrochemical cantilever platform as a competitive chemical sensing tool. 
 
 
(a) 
 
(b) 
Figure 2 (a) Surface stress (top signal) and applied potential (bottom signal) are plotted versus time for 
a cantilever in the [Fe (CN)6]
3-/4- couple solution with various concentrations. (b) Amperometric 
current–time responses in the [Fe (CN)6]
3-/4- couple in KNO3 electrolytes with various concentrations 
and milliQ water. 
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